The goal of the present study was to investigate the roles of situational (ie, psychophysiological reactivity to acute stress) and dispositional variables (ie, neuroticism, coping styles) in shaping the effects of acute stress exposure on REM sleep. Methods: Sixty-three healthy young adults slept in the laboratory after being randomized into CTL or EXP. Measures of psychophysiological reactivity (state anxiety, stress level, and mean arterial blood pressure) were collected before and immediately after randomization. All subjects completed the Neuroticism-Extroversion-Openness-Personality Inventory Revised and the Ways of Coping Checklist. Results: A significant stress exposure by REM period interaction was found, and average RCs in the last REM period were significantly lower in EXP compared with CTL subjects (p ϭ .005). The global slope of increase in average RC across successive REM sleep periods was less steep in EXP compared with CTL subjects (p ϭ .02). Late-night RC was mediated by changes in subjective stress level from baseline to task notification, whereas REM latency was predicted by changes in state anxiety. Neuroticism and coping style did not directly moderate the effects of acute stress exposure on REM sleep. Rather, social coping and avoidance moderated psychological reactivity. Conclusions: The findings suggest that attenuation of REM sleep phasic activity after stress exposure may reflect adaptive regulation of waking emotional arousal. Mediation and moderation models are more informative than traditional bivariate approaches to investigating the relation between stress exposure and sleep alterations.
INTRODUCTION
S ituational (eg, state anxiety, cardiovascular reactivity) and dispositional factors (eg, neuroticism, hardiness) shape the relationship between stress exposure and waking physical or psychological well-being (eg, Refs. [1] [2] [3] [4] [5] [6] [7] [8] . However, the contributions of situational and dispositional factors in shaping the effects of acute stress exposure on sleep parameters remain scarcely explored. Examining the role of such factors in healthy people may provide further insights into the mechanisms underlying the development and maintenance of REM sleep disturbances in people experiencing transient stressful life events (9 -13) and chronic posttraumatic stress disorder (review, Ref. 14) .
Previous studies investigating the effects of acute stress exposure on sleep in healthy samples have generally found that REM sleep alterations are more frequent than NREM sleep alterations. However, bivariate models (ie, betweengroup comparisons) have failed to demonstrate a consistent and robust linear relationship between stress exposure and REM sleep alterations in healthy cohorts. Acute stress exposure has been inconsistently associated with increased %REM and REM sleep duration and decreased REML (15) (16) (17) (18) (19) (20) (21) . Most studies have reported no changes in REM density after acute stress exposure (15, 17, 18, 20, (22) (23) (24) . These findings contrast with reports of REM sleep alterations in people undergoing transient or chronic life events with and without comorbid depression (eg, Refs. 9, 12-14) and provide little insight into the potential factors that may clarify these equivocal findings.
Readdressing the effects of acute stress exposure on REM sleep using mediation and moderation models (25) (26) (27) may elucidate the role of situational and dispositional factors in preventing or facilitating the development REM sleep alterations after acute stress exposure. Mediation supposes that the predictor variable influences the outcome variable both directly and indirectly via an intermediate variable or mediator. The mediator is conceptualized as a process internal to the organism, one that is independent from the experimental design. For instance, psychophysiological reactivity may mediate the relationship between stress and REM sleep. Accordingly, different levels of psychophysiological arousal would be expected to induce different levels of REM sleep alterations. State anxiety, perceived stress, and mean arterial blood pressure are well documented measures of psychophysiological reactivity to acute stressors. Score differences between baseline and task notification on these three measures were thus used as measurements of psychophysiological reactivity.
Alternatively, moderation implies that the interaction between two independent variables (the predictor and the moderator) significantly influences the direction and strength of relationship to the outcome variable. For instance, acute stress exposure (the predictor) and neuroticism (the moderator) may both independently predict REM sleep profiles. In the latter case, neuroticism is a dispositional factor independent from acute stress exposure (ie, an effect modifier that is not predicted by stress exposure, as opposed to psychophysiological reactivity in the previous mediation example) that can modify the effects of acute stress exposure on REM sleep. Additionally, the interaction between acute stress exposure and neuroticism may also influence the outcome variable. For example, people with high neuroticism exposed to an acute stressor may exhibit different REM sleep parameters compared with people with low neuroticism exposed to the same acute stressor, or compared with people with high neuroticism who are not exposed to the stressor.
Only two studies have used mediation models to investigate the relationship between stress and sleep. One study showed that situation factors, such as psychological distress (28) , mediate the relationship between perceived stress level and subjective sleep quality. In the recent study, we showed that autonomic tone during NREM sleep after acute stress exposure was correlated with subjective and objective sleep quality (M. Hall, R. Vasko, D. J. Buysse, J. Thayer, H. Ombao, Q. Chen, J. D. Cashemere, D. Kupfer, unpublished data). Autonomic tone during REM sleep after acute stress exposure, however, was not correlated with subjective sleep quality or expression of REM sleep parameters. The latter observation suggests that the investigation of waking psychophysiological reactivity to stress may be a more potent mediator of REM sleep parameters after acute stress exposure. Previous studies that investigated the effects of acute stress exposure on REM sleep have not examined whether psychophysiological reactivity to the stressor influences this relationship. In the present study, the term psychophysiological reactivity refers to changes in subjective reports of anxiety, perceived stress, and the physiological measurement of mean arterial blood pressure from prestress to poststress exposure. Because psychophysiological reactivity to the stressor should be predicted by acute stress exposure, we first hypothesized that psychophysiological reactivity would mediate alterations of REM sleep parameters after acute stress exposure. Based on previous studies, we specifically hypothesized that REM density, REML, %REM, and REM duration would be predicted by both group assignment (control stress condition vs. acute stress exposure) and psychophysiological reactivity.
Previous correlational data suggest that two dispositional factors, neuroticism and repression, may moderate the effects of acute stress exposure on REM sleep. Specifically, REM density, %REM, and REML have been shown to vary as a function of neuroticism and repression after acute stress exposure (19, 20, 30) . Because these two factors should be independent from stress exposure, the second hypothesis was that neuroticism and coping styles (a similar but broader construct than repression) would moderate the effects of acute stress exposure on these REM sleep parameters. Figure 1 illustrates the two hypotheses.
METHODS

Subjects
The results reported here are one component of a study that investigated the effects of presleep acute stress on autonomic tone during sleep (M. Hall, R. Vasko, D. J. Buysse, J. Thayer, H. Ombao, Q. Chen, J. D. Cashemere, D. Kupfer, unpublished data). Sixty-three subjects (32 men, 31 women; age range, 18 -24 yr; mean age, 19.6 Ϯ 1.8) enrolled in this study. Most were recruited from the Department of Psychology undergraduate subject pool at the University of Pittsburgh. The subjects received 5 hours of extra credit toward their introductory psychology class. Six additional subjects were recruited from other undergraduate classes, and each received $50. Subjects were included if they reported no significant sleep disturbances as determined by their global score on the Pittsburgh Sleep Quality Index (31) . To control for their potential influence on sleep, tobacco use, self-reported current psychiatric diagnosis, and substance use problems were exclusion criteria. All subjects provided written informed consent. They were asked to refrain from consuming alcoholic beverages and drugs during the 24 hours preceding their appointment at the sleep laboratory and to refrain from intense exercising and consuming caffeine, alcohol, and other substances during the day of their appointment. A self-report questionnaire was used to evaluate caffeine, alcohol, medication, and drug use and exercise levels for the day preceding and the day of the experimentation.
Measures
Subjects arrived at the Clinical Neuroscience Research Center at Western Psychiatric Institute and Clinic at 8:00 PM. After instrumentation for sleep recordings, subjects completed the questionnaire battery, composed of the BDI (32), the Spielberger State-Trait Anxiety Inventory (33), the VAS-Stress, the NEO-PI-R, (34) , and the Ways of Coping questionnaire (35) .
The BDI assesses the severity of behavioral, cognitive, and emotional symptoms associated with current depression. The Spielberger State Anxiety Index is a self-report measure of anxiety endorsed in a given situation. The ambient stress level before and immediately after experimental acute stress exposure was assessed using the VAS-Stress measure. Subjects placed a mark on four separate 10-cm lines to represent how uptight, tense, distressed, and stressed they were. Responses were summed to yield the VAS-Stress score. Subjects also completed the Ways of Coping questionnaire. This 42-item questionnaire measures the use of five different coping styles: avoidance, problem-focused, seeking social support, self-blame, and wishful thinking. The Pittsburgh Sleep Quality Index encompasses seven areas of sleep quality (subjective sleep quality, sleep latency, duration, efficiency, disturbances, use of sleep medication, and daytime dysfunction) in the preceding month. Finally, subjects completed the 255-item NEO-PI-R, which assesses five personality dimensions labeled neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness. As mentioned, correlational data suggest that neuroticism may modulate the effects of stress on REM sleep. Therefore, only the neuroticism subscale was used for analyses in the Fig. 1 . Proposed models of the mediation and moderation of REM sleep parameters after acute stress exposure.
A. GERMAIN et al.
present study. After completing the questionnaire battery, subjects were allowed to relax, watch television, or study until approximately 15 minutes before their habitual bedtime.
Baseline measures of MAP were conducted during a 5-minute baseline phase. After the baseline period, three MAP measures were taken within a 6-minute period during and after task notification. Changes between MAP at baseline and at task notification (⌬MAP) were used as correlates of physiological reactivity.
Experimental Manipulation
The experimental manipulation was delivered immediately before bedtime in two phases: a 5-minute baseline phase and a stress manipulation phase. During the baseline phase, subjects were comfortably seated in a chair in the bedroom with their eyes closed. As previously described, a blood pressure cuff was placed on the subject's nondominant arm, with electrodes connected. After the initial 5-minute baseline period, three MAP measures were taken within a 6-minute period.
At this point, a randomized group assignment card was opened, and subjects were notified of their group assignment. Task instructions were then played on a tape recorder. All subjects heard the same male voice. CTL subjects (N ϭ 31) were told that they would have the opportunity to a read popular magazine in the morning, whereas the EXP group (N ϭ 32) was told that they would give a speech in the morning, and that their performance would be evaluated. Task instructions lasted 23 seconds for the control condition and 53 seconds for the stress condition. Two MAP samples were collected at 2-minute intervals before, during, and immediately after task notification. Immediately after hearing the instructions, subjects also completed the VAS-Stress and the STAI-S again. The blood pressure cuff was removed, and subjects were told "to get a good night of sleep in order to perform well on your task in the morning." Lights out signaled the beginning of the Polysomnographic recordings.
Manipulation checks were conducted by comparing the differences between baseline and task notification levels immediately after group assignment on the three reactivity measures: ⌬STAI-S, ⌬VAS-Stress, and ⌬MAP.
Sleep Recordings
Each participant slept in the laboratory for 1 night. Bedtimes were scheduled to correspond to self-reported habitual bedtimes. Similarly, subjects were awakened at their self-reported habitual rising time in the morning. Sleep recordings were performed using referential electroencephalogram (C3, C4, and O1, each referenced to tied mastoids), bilateral electro-oculogram, electromyogram (bipolar submental leads), and electrocardiogram. Grass model 7P511J AC amplifiers (Astro-Med Inc., West Warwick, RI) were used to acquire data, with 60-Hz notch filters applied to the signals. Data were collected in analog and digital formats and scored both visually and digitally in 30-second epochs according to the standard criteria of Rechtschaffen and Kales (36) by experienced technicians who were unaware of the study hypotheses.
Sleep latency was computed as the number of minutes to reach the first minute of a period beginning with and containing a minimum of 8 minutes of stage 2 sleep, delta sleep, or REM sleep within a 10-minute period after lights out. Sleep efficiency was computed as the ratio of minutes spent asleep divided by the total number of minutes between lights out and good morning time. REM latency was defined as the number of minutes elapsed between sleep onset and the first 30-second epoch of REM sleep minus minutes of wakefulness during this interval. An automated measure of REM density, RC, for each REM period was computed as the number of REMs identified by automated detection algorithm divided by the number of REM minutes (37) . A whole-night average RC value was also computed (ie, total REMs automatically detected/total REM duration in minutes).
Statistical Analyses
Group comparability was determined using independent t tests. Manipulation checks were performed using ANCOVAs with baseline measures as covariates. Differences between the two groups on overall sleep profiles and REM sleep measures were conducted with ANCOVAs, using baseline VASStress as the covariate. To reduce the skewness in the distributions, square root transformations were applied to all REM sleep variables except average RC, which was normally distributed. Logarithmic transformations normalized sleep stage percentage and sleep efficiency data. To control for type I errors, Bonferroni corrections were applied to each variable cluster: 1) for questionnaire measures, the level of statistical significance was set at p ϭ .004 (0.05/12 comparisons); 2) for global sleep parameters, the level of statistical significance was set at p ϭ .005 (0.05/10 comparisons); and 3) for REM sleep parameters, level of statistical significance was set at p ϭ .01 (0.05/4 comparisons).
Separate univariate hierarchical regression models were fit to each of the REM sleep parameters of interest while controlling for baseline VAS-Stress to determine whether psychophysiological reactivity, neuroticism, and coping styles mediate and moderate REM sleep parameters. All analyses were performed with SPSS 10.1 (SPSS Inc., Chicago, IL).
To compare average RC group differences across successive REM sleep periods, a linear mixed effects model was fit. The model assumed that average RC profiles for the two groups were linear. The mixed model included both fixed and random effects. The fixed effects included the intercept and the slope of the RC profile for each of the two groups. The fixed effect parameter estimated the group or population profiles. A formal test for the difference in the fixed parameters can be performed with mixed models. In particular, we tested whether the difference between the slopes and intercepts of the two groups were statistically significant. In mixed models, the subject-specific intercept and slope parameters are random because individual subjects are assumed to be randomly selected from their respective populations. Thus, each subject has unique intercept and slope parameters. Logistic regression models were then used to determine whether psychophysiological reactivity, neuroticism, and coping styles predicted individual RC slopes in the two groups. SAS system (SAS Institute Inc., Cary, NC) for mixed models (39) was used to perform these computations.
RESULTS
None of the subjects reported significant consumption of caffeine, alcohol, medications, or drugs the day preceding their appointment. On the day of the appointment, none reported intense exercise or significant consumption of caffeine, alcohol, medications, or drugs. The two groups did not differ at baseline in terms of self-reported sleep quality, depressive symptoms, state or trait anxiety, and coping styles (Table 1) . However, baseline VAS-Stress was greater in subjects later assigned to the CTL group than in those assigned to the EXP group [t(61) ϭ 4.57, p Ͻ .001]. Baseline ambient stress was thus used as a covariate in subsequent analyses.
Manipulation checks confirmed the potency of the stressor. After controlling for baseline ambient stress and MAP, STAI-S [F (1,62) (Figure 2 ). Post hoc independent t tests revealed that RC was significantly higher in the CTL group than in the EXP group (12.96 Ϯ 6.49 vs. 7.74 Ϯ 4.88; p ϭ .005) during the last REM period. Average RC across the first three REM periods did not differ for these 41 subjects when compared with the entire sample. This was confirmed by the linear mixed effect analysis, which allows all subjects to be included despite missing data. Specifically, the linear mixed effect
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analysis corrected for baseline MAP and baseline VAS-Stress revealed that the slope of increase of average RC across REM periods was significantly steeper in the CTL group than in the EXP group (3.27 for CTL vs. 3.27-1.47 for EXP, p ϭ .02). Therefore, although both groups started at comparable average RC values early in the night, a significant difference between the two groups slowly developed across subsequent REM sleep periods, and this deviation became statistically significant during the last REM sleep period (Figure 2 ). Other REM parameters did not differ between the two groups ( Table 2) .
Hierarchical regressions controlling for baseline VASStress revealed that average RC in the fourth REM period was predicted by stress exposure (ß ϭ Ϫ.42, p ϭ .02) and by ⌬VAS-Stress (ß ϭ Ϫ.49, p ϭ .02). Stress exposure, in turn, predicted ⌬VAS-Stress (ß ϭ .41, p Ͻ .001). Furthermore, when controlling for baseline VAS-Stress and ⌬VAS-Stress, stress exposure was no longer a significant predictor of latenight average RC (ß ϭ Ϫ.24, NS), indicating full mediation. In other words, the change in self-rated stress from baseline to posttask notification completely accounted for the relationship between stress exposure and average RC in the fourth REM period. ⌬MAP (ß ϭ .05, NS) and ⌬STAI-S (ß ϭ .25, NS) were not significant predictors of late-night average RC. Logistic regression models showed no relationship between measures of psychophysiological reactivity and the average RC slopes in the two groups.
Consistent with the lack of group differences observed for the other REM sleep parameters, stress exposure did not predict REML, %REM, or REM duration. Nevertheless, hierarchical regressions controlling for stress exposure and baseline VAS-Stress revealed that REML was best predicted by ⌬STAI-S (ß ϭ .36, p ϭ .01), whereas ⌬MAP (ß ϭ .23, NS) and ⌬VAS-Stress (ß ϭ Ϫ.46, NS) did not further contribute to the model. Neither psychological nor physiological measures of reactivity predicted %REM sleep or REM duration.
Neuroticism and coping styles did not moderate effects of acute stress exposure on REM sleep parameters (Table 3) . However, these dispositional factors could more remotely moderate REM sleep parameters by shaping psychophysiological reactivity to stress. Therefore, post hoc analyses were conducted to explore whether neuroticism and coping styles moderated psychophysiological reactivity. Two sets of hierarchical regressions were conducted to determine whether ⌬VAS-Stress and ⌬STAI-S (psychological reactivity measures previously shown to mediate RC and REML, respectively) were predicted by neuroticism and coping styles, while controlling for group assignment and their respective baseline values (STAI-S1 and VAS-Stress1). ⌬VAS-Stress was predicted by the interaction between group assignment and coping with social support (ß ϭ .26, p ϭ .04; Figure 3 ). This interaction indicated that people in the EXP group with high social coping exhibited greater ⌬VAS-Stress than EXP sub- 
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jects who exhibited endorsed less social coping; subjects in the CTL groups who reported high social coping reacted slightly less than CTL subjects who used low social coping. ⌬STAI-S was also predicted by the interaction between group assignment and social coping (ß ϭ .22, p ϭ .02); this interaction was similar to that observed for ⌬VAS-Stress. In addition, the interaction between group assignment and avoidance coping predicted ⌬STAI-S (ß ϭ .22, p ϭ .02; Figure 4) . People in the EXP who reported greater use of avoidance as a way of coping showed greater ⌬STAI-S than EXP subjects who endorsed less use of avoidance. The latter group showed ⌬STAI-S levels comparable with those exhibited by CTL subjects.
DISCUSSION
The goal of this study was to investigate the roles of situational (ie, psychophysiological reactivity to acute stress) and dispositional factors (ie, neuroticism and coping styles) in 
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shaping the effects of acute stress exposure on REM sleep. Automated average RC significantly differed between groups, but other REM sleep alterations were not observed in this sample of healthy young adults. Subjects in the acute stress exposure showed lower late-night average RC and slower rate of average RC increase across REM periods than subjects in the control condition. Late-night average RC and REML were preceded and predicted by psychological reactivity to the stressor, but not physiological reactivity according to ⌬MAP measurements. Contrary to the moderation hypothesis and to previous correlational data, neuroticism and coping did not directly influence the effects of acute stress exposure on REM sleep. Rather, because there was an interaction between stress exposure and seeking social support, the latter partially moderated psychological reactivity, which in turn predicted latenight RC and REML. These results demonstrate that the effects of acute stress exposure on REM sleep are influenced directly by situational factors and indirectly by dispositional factors. The present findings reinforce the need to examine concurrent state-dependent and trait-dependent factors that may prevent or facilitate successful stress recovery. The observed increase in average RC across REM periods in both groups is consistent with previous reports (9, 40, 41) . The finding that average RC is altered after stress exposure is also consistent with previous studies that investigated the effects of experimental acute stress exposure or transient and chronic stressful life events on REM sleep (9, (11) (12) (13) (14) . Although studies conducted with people experiencing transient or chronic stress often report an increase in REM density (the analogue visually scored measure of average RC), healthy subjects exhibited a decrease in late-night average RC and a slower rate of increase across successive REM periods immediately after stress exposure. Phasic REM sleep activity thus may be a correlate of adaptability to a stressor. Specifically, average RC suppression after acute stress exposure may reflect functional regulation of waking emotional arousal during sleep, whereas increased phasic REM activity in clinical samples exhibiting chronic stress reactions may represent failure or inability to downregulate waking emotional arousal during sleep. Several observations reinforce the suggestion that attenuation of phasic REM sleep activity after acute stress exposure may indicate adaptation to stress: 1) increased REM density is a correlate of diurnal affect intensity in divorced, bereaved, and depressed subjects (11, 42, 43) ; 2) persistent elevated REM density in both depressed patients and alcoholics has been shown to predict relapse (44) and failure to remit with psychotherapy (40, 41, 45, 46) ; and 3) decreases in REM density parallel reductions in affect intensity and remission with psychotherapy in depressed patients (43, 46, 47) . Conversely, intensification of phasic REM sleep activity seems to be a specific marker of an underlying emotional dysregulation. The relationship between neural mechanisms involved in the induction of phasic REM sleep activity and those involved in regulation of emotional arousal during sleep remains unclear.
Despite the fact that bivariate analyses revealed no group difference for REML, predictive analyses nevertheless showed that elevated presleep state anxiety predicted longer REML. This finding is consistent with clinical studies that have reported prolonged REML in patients with anxiety disorders (48 -52) and in people for whom the onset of a depressive episode was preceded by an acute life event (11) . Because stress exposure did not predict REML, an increase in norepinephrine release during the evening preceding sleep recording (associated with elevated base-line perceived stress in the CTL group and stress exposure in the EXP group) may constitute one of the possible underlying neurochemical mechanisms associated with increased REML (eg, Refs. 53, 54). Alternatively, increases in REML may be attributable to subtle disruptions during the preceding NREM sleep period (29). Further investigations are required to determine the significance of REML alterations in nondepressed subjects exposed to acute stress.
The finding that coping with social support and avoidance had indirect effects on late-night average RC and REML through their influence on psychological reactivity indicated that dispositional factors are remote, albeit influential, factors of these REM sleep parameters. Interestingly, studies now show that reduced social support and increased avoidance may foster psychological distress, which in turn has been associated with sleep complaints (28, 55-57 ). Therefore, a closer A. GERMAIN et al.
examination of the moderating effects of coping styles on waking reactivity may provide valuable insights into dispositional factors that may increase vulnerability to both psychological distress and sleep disruption. Although neuroticism was not found to be a significant predictor of REM sleep parameters or psychophysiological reactivity, it remains possible that other personality traits that are more concisely defined may moderate the effects of stress on REM sleep. Certain limitations must be acknowledged. First, there is the possibility that the combination of acute stress exposure and the FNE cannot be determined and may confound the present results regarding the effects of acute stress exposure on REM sleep. The FNE refers to the sleep changes observed on the first night compared with the second recording night in the laboratory that reflect adaptation to the novel sleep environment. In healthy subjects, reported FNEs on REM sleep consist of delayed REM latency and decreased REM percentage and REM sleep duration (eg, Refs. 58 -60) . The lack of differences between the two groups on REML, %REM, and REM duration may indeed be attributable to the robust FNE on these REM sleep parameters in healthy subjects. Additionally, although both groups were subjected to the FNE, only EXP subjects exhibited lower late-night average RC values. The slope of increased average RC across REM periods was also less steep in the EXP group compared with the CTL group. Therefore, we are confident that attenuated average RC values indeed reflect a genuine effect of acute stress exposure on REM sleep. It remains possible, however, that the FNE and acute stress exposure have synergistic effects on average RC. Notably, two studies now suggest that trait and state anxiety may influence the FNE on sleep parameters in healthy controls (61) and insomnia patients (62) , reinforcing the need for considering experimental, situational, and dispositional factors simultaneously to characterize better the effects of waking experiences on sleep parameters. By the same token, the design of the present study did not permit us to investigate the occurrence of additional or different REM sleep alterations over the course of subsequent nights. Alternatively, the acute stress exposure may have only short-term effects on REM sleep parameters in healthy young people. Investigating how acute stress exposure influences sleep longitudinally may be especially valuable in understanding the development of persistent REM sleep alterations, which are reported in chronically stressed samples. A third limitation relates to the initial group difference on the baseline mean level of perceived stress. This initial group difference is unlikely to represent a greater disposition to experience stress in the CTL group compared with the EXP group because of the lack of group difference at baseline on the Spielberger Trait Anxiety measure, which is a more direct measure of predisposition to stress. In addition, VAS-Stress scores in the CTL group were significantly reduced after task notification, whereas VASStress scores were significantly increased after task notification in the EXP group. If the CTL group was indeed more predisposed to experience stress in the new laboratory environment, the reduction in state anxiety scores in the CTL group would indicate that they were also able to rapidly adapt to the new environment and therefore were less likely to experience REM sleep disruption. Finally, it was not possible to examine within-subject changes in REM sleep parameters across multiple study nights. Within-subject REM sleep changes from baseline to stress exposure, rather than REM sleep profile immediately after acute stress exposure, may have been more revealing of the interactions between acute stress exposure and dispositional factors.
Despite these limitations, the present study illustrates that mediation and moderation models are more informative than traditional bivariate approaches to investigate the relationship between acute stress exposure and REM sleep alterations. The contributing roles of situational context and dispositional factors in shaping the effects of acute and chronic stress on REM sleep in patients demonstrating REM sleep alterations (eg, depression, posttraumatic stress disorder) need to be investigated further. 
